To determine the optimal duration of proton pump inhibitor (PPI) treatment for artificial gastric ulcers caused by endoscopic submucosal dissection (ESD), Lee et al. [1] investigated 333 patients who underwent ESD, utilizing a retrospective analysis (n = 221) and prospective randomized validation (n = 112). The patients with 8-week PPI administration had significantly greater healing of large ESD defects (C40 mm) than those with 4-week PPI administration (83.3 vs. 42.6%, p \ 0.01). Therefore, they concluded that 8-week courses of PPI administration should be recommended to treat ESD-induced ulcers larger than 40 mm.
Endoscopic resection allows complete histological staging of the cancer, and is superior to biopsy for diagnosing superficial gastrointestinal neoplasia [2] . Endoscopic mucosal resection (EMR) has been widely established as a safe and reasonable procedure for superficial gastrointestinal neoplasia [3, 4] . However, the tumors are frequently removed in fragments [5, 6] , and specimens obtained by such piecemeal resection render pathological staging inaccurate [7] . This is a major factor leading to the high risk of recurrence when this technique is used on larger lesions [8] .
T staging using EUS is reportedly accurate in only 80-90% of cases [9, 10] . Hence, the final staging can only be done through a formal histological analysis of en bloc resected material [11] . The ESD technique has been rapidly gaining popularity in Japan and Korea, the countries with the highest incidence of gastric cancer, primarily because of the ability to remove large early gastric cancer (EGC) en bloc [12] . Furthermore, expanded criteria for endoscopic resection have been proposed based on a large study of surgically resected gastric cancers that revealed particular conditions of mucosal cancers with little risk of lymph node metastasis [13] . Recently, many large EGC lesions have been removed by ESD, resulting in large artificial ulcers.
Endoscopic resection is safe, effective, and applicable to a wide variety of clinical situations. However, ESD may cause large and deep defects after the procedure. Green et al. [14] and Berstad [15] have shown that the intragastric pH should be 6.0 or above to allow platelet aggregation and prevent disaggregation. PPIs and histamine H2 receptor antagonists (H2RAs) are generally administered for the treatment of ESD-related ulcers. In standard EMR, artificial ulcers were thought to heal faster and to recur less often than peptic ulcers [16] . Lee et al. [17] reported that at least 4 weeks of PPI administration was required to close even small ulcers after EMR. Yamaguchi et al. [18] found no significant difference between the effect of PPI and that of H2RA for small ulcers caused by ESD and EMR.
In contrast, Ye et al. [19] reported that active ulcers remained at a higher incidence after 4 weeks of H2RA treatment than after PPI administration in ESD-/EMRinduced ulcers with an approximate size of 10 mm. Uedo et al. [20] reported that 8 weeks of PPI administration was sufficient to prevent re-bleeding from ESD defects smaller than 20 mm. Oh et al. [21] reported that the size of the initial defect affects the rate of ulcer healing at 4 weeks of PPI administration post-ESD. Kakushima et al. [22] reported that 4 weeks of PPI administration was not T. Gotoda (&) Department of Gastroenterology and Hepatology, National Center for Global Health and Medicine, Tokyo, Japan e-mail: tgotoda@hosp.ncgm.go.jp T. Gotoda Department of Gastroenterology and Hepatology, Tokyo Medical University, Tokyo, Japan sufficient, and 8 weeks of administration was required to obtain satisfactory results for larger ulcers after ESD.
Very recently, Imaeda et al. [23] assessed the effects of PPI and H2RA for the prevention of bleeding and the promotion of ulcer healing after ESD, and compared the cost-effectiveness of these two drugs. In this study, although two of the 62 patients (3.2%) in the PPI group and three of the 61 patients (4.9%) in the H2RA group showed bleeding after ESD, there was no significant difference between the two treatment groups. The ulcer-healing rate was 93.5% (58/62) in the PPI group and 93.4% (57/61) in the H2RA group. The total cost of treatment with the antisecretory agent from the day of the ESD to day 56 after the ESD was 13,212 yen for PPI and 5,841 yen for H2RA. The authors concluded that H2RA appears to have a high cost effectiveness in the prevention of bleeding and in the promotion of ulcer healing after ESD for superficial gastric neoplasia.
The optimal dose of PPI for the treatment of artificial ulcers after ESD has not yet been established. Gastric peptic ulcer healing rates using half-dose PPI were reported to be significantly better than those seen when using a standard dose of H2RA [24] . However, there had been no study using half-dose PPI for treating artificial ulcers after ESD. Kawano et al. [25] evaluated the possibility of reducing the dose of PPI from 30 mg (standard-dose) to 15 mg (half dose), and examined ulcer healing, prevention of bleeding, and quality of life. In this study, 91 patients with gastric mucosal neoplasms were enrolled. All patients who underwent ESD were given a standard dose of a PPI daily during the first week, after which they were randomly assigned to either the standard-dose or half-dose group. The stage of ulcers, ulcer reduction ratios, and scores on the Gastrointestinal Symptom Rating Scale did not differ at 28 and 56 days between the groups. The costs of PPI for the half-dose group and standard-dose group were 7,326.5 and 11,698.4 yen, respectively. The authors concluded that a reduced dose of PPI after 1 week of ESD was equivalent in treatment performance to the standard dose regimen, and was less expensive.
Kato et al. [26] recently indicated that combination therapy of a PPI with rebamipide, a mucosa-protective antiulcer drug, was more effective than the PPI alone for treating ulcers larger than 20 mm within 4 weeks after ESD. Fujiwara et al. [27] also reported that combination treatment with a PPI plus rebamipide improved healing rates at 8 weeks for patients with ESD-derived artificial ulcers, and appeared to be particularly effective for patients with severe atrophic gastritis. These studies demonstrate the efficacy of a combination of PPI with rebamipide in comparison to PPI alone for early healing of large-sized defects after ESD. These effects may mitigate the limitation of single drug PPI therapy in terms of both the ulcer size and the drug administration period after ESD. Kakushima et al. [28] showed that the infection status of Helicobacter pylori and the extent of gastric atrophy do not affect ulcer healing when treating with a combination therapy of sucralfate and PPI at 8 weeks after ESD.
There is no doubt about the significant advantages of ESD as a minimally invasive but curative treatment for EGC. However, the sufficient doses of PPI or H2RA, including combination therapies, for ESD-induced artificial ulcers are not yet established. Eight-week PPI (standard dose) administration is an effective treatment that should be widely applied for complete, rapid, and definitive healing of large artificial defects caused by ESD.
As for future investigations, we should clarify whether the eradication of Helicobacter pylori should be undertaken before ESD to aid in the healing of artificial ulcers and/or prevent delayed bleeding. Lee et al. have also excluded patients currently using aspirin and/or anticoagulant agents. Elderly patients have a higher frequency of using aspirin and/or anticoagulant drugs, however, and the increased chance of delayed bleeding from ESD-related artificial ulcers these drugs can create might be more detrimental than the beneficial effects these drugs can provide in elderly patients. We should determine the proper timing of PPI drug withdrawal, and the proper dose and optimal duration of PPI (or H2RA) treatment in this era of an aging society.
